Introduction
We will be concerned here with turbulent two-dimensional open channel flow down a plane inclined at a constant angle to the horizontal, as shown in Fig. 1 . In the hydraulics literature flows of this type are treated using two different theories, which apparently have little in common.
According to the simpler of the theories, classical mathematical hydraulics [1], the fluid depth h(x, t) and the depth-averaged velocity a(x, t) solve the equations
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where x is distance measured parallel to the bottom, t is time, e is the angle between the channel bed and the horizontal, g'= g cos e, and CD is the bottom drag coefficient. In this theory the flow is governed by (1.1) and (1.2) except at discontinuities of the dependent variables, where, letting [f] denote the discontinuity in a quantity f at x = s(t), h and a satisfy the jump
If the bottom drag term in (1.2) is omitted, the theory described by the differential equations (1.1)-(1.2) and the jump conditions (1.3) reduces to the standard long wave model for free surface flows, which can be shown to be valid on the basis of a scaling argument [ 1] if the horizontal length scale of the flow is large compared to the vertical scale. Both the inclusion of bottom drag on the right side of (1.2) and its quadratic dependence on the velocity, however, are based on dimensional analysis and observations rather than any deeper theory. It appears, then, that the equations of mathematical hydraulics are in some sense an approximation, but, because of the absence of any real derivation of these equations in the literature, the nature of the approximation is obscure.
In the more recent class of theories reviewed in [2], fluid motion in an open channel is treated as a turbulent shear flow in which the Reynolds averaged velocity comPonents (u, w) and the Reynolds averaged pressure p depend on distance z from the bottom as well as on x and t. When supplemented by boundary and initial conditions and by constitutive equations relating the Reynolds stresses to the mean velocity, the Reynolds averaged continuity and momentum equations provide a complete turbulence model. Examples of numerical calculations using such models and of comparisons of computed velocity profiles with observations are given in [2] and elswhere in the literature.
Our aim here is to reconcile these theories by using asymptotic methods [3] to show that the equations of mathematical hydraulics can be derived from the Reynolds averaged equations for flows which vary sufficiently slowly in the longitudinal direction. Because the hydraulics equations and the equations describing present turbulence models are based on ad hoc assumptions, the derivation serves to increase confidence in both approaches and to provide guidelines for the user of the hydraulics approximation.
To determine the parameter range of interest, assume that Eqs. (1.1)-(1.2) provide a first approximation to the governing equations, and let V denote the characteristic longitudinal velocity scale for a flow with longitudinal length scale L0 and characteristic depth H0. Because classical hydraulics assumes that the leading term in the solution for the longitudinal velocity is independent of z, it follows that the aspect ratio 6 = Ho/Lo is small compared to unity, that transients take the form of long gravity waves with characteristic frequency Co/Lo, where Co = (g'Ho)1/2, and that the ratio of the advective term fl(d~/t3x) in (1.2) to the time derivative d~/Ot is of the order of the Froude number F = V/Co. Weak flows, for which F ,~ 1, are treated in [4] , where it is shown that the free surface elevation for weakly nonlinear flow satisfies a damped version of the Korteweg de Vries
